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IMPROVED CERAMIC ARC TUBE BY 
ANNEALING 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention is directed to a process of forming arc tubes. 
More particularly, the present invention is directed to lamps having ceramic arc tubes 
exhibiting an increased lumen efficiency of 3-10% over conventional lamps with 
sintered arc tubes and the process of forming same. 

Discussion of the Art 

There is a great need for conservation of electrical energy by producing 
eflBcient lamps for the lighting industry. Hundreds of millions of lamps are sold each 
year, and a 3-10% improvement in lamp efficiency would result in higher quality 
products with considerable savings in electrical energy. Typically, lamp efficiency is 
defined by the lumen output of a given wattage lamp or by the normalized value of 
lumens per watt (LPW). 

Currently, ceramic metal halide (CMH) lamps with high quality, white 
light are commercially available. CMH lamps are generally constructed with a ceramic 
arc tube made fi-om a polycrystalline, translucent aluminum oxide. The optical quality 
of the ceramic arc tube in a CMH lamp partly determines the lumen efficiency of the 
lamp. For example, CMH 70W lamps made with conventional or "as-sintered" 
ceramic arc tubes typically exhibit relatively low LPW values of less than 85. Ceramic 
arc tubes employed in CMH 70W lamps are initially prepared by sintering the ceramic 
arc tubes in a hydrogen fiimace at temperatures near 1850**C. 

Still another problem with CMH lamp manufacture is the variation in 
light output fi-om lamp to lamp. That is, it is always desirable that lamp manufacture 
result in a repeatable, consistently performing lamp. Thus it is important to control the 
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standard deviation of lamp so that quality control in the manufacturing process is 
improved. 

It would be advantageous to develop an improved lamp and method for 
making the above lamps that would increase lamp efficiency and improve the standard 
deviation or uniformity of light output from lamp to lamp.. 

BRIEF SUMMARY OF THE INVENTION 

In an exemplary embodiment of the present invention, a process for 
making an arc tube comprises the steps of sintering an arc tube composition to form 
the arc tube, and annealing the arc tube in a vacuum. Preferably, the arc tube annealed 
according to the present process is a ceramic arc tube. The annealing of the arc tubes 
in a vacuum preferably occurs at a temperature of between about 1 000^*0 and 1500X. 

In another exemplary embodiment, a process for making a ceramic 
metal halide lamp is provided. The process for making a ceramic metal halide lamp 
comprises the annealing process of the arc tube and additional steps to form the 
ceramic metal halide lamp, 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 shows a side view of a preferred high-pressure metal halide 
lamp formed from the present process. 

FIGURE 2 shows a cross-sectional view of a preferred arc tube formed 
from the present process. 

DETAILED DESCRIPTION OF THE INVENTION 

With reference to FIGURE 1, a high-pressure metal halide lamp is 
shown comprising a discharge vessel 10, including arc tube or body 12 which encloses 
a discharge chamber 14. The discharge chamber 14 contains a fill which includes at 
least one metal halide, such as sodium iodide, tantalum iodide or dysprosium iodide, in 
addition to mercury and a rare gas, such as argon or xenon. Other suitable fills, for 
initiating and sustaining an arc discharge, known in the art, are also contemplated. The 
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discharge vessel 10 is enclosed in an outer envelope 16 having an electrical connector, 
such as a threaded shell or Edison base 18 at one end for providing power to the lamp 
in a manner well known in the art. First and second electrodes 20, 22 extend into the 
discharge chamber and are preferably formed from tungsten, molybdenum, and/or 
niobium, although other conventional materials can also be used. 

The ceramic arc tube shown in FIGURE 2 includes a cylindrical portion 
or body 30 and end plugs or tubes 34, 36 extending axially from either end. The plugs 
34, 36 each include an end wall portion 38, 40, with which a hollow leg portion or 
tube 42, 44, extends outwardly therefrom. The electrodes 20, 22 are received by the 
first and second leg portions 42, 44 and sealed into the leg portions to create a gas- 
tight discharge chamber 14. 

The arc tube is preferably formed from a polycrystalline aluminum j 
oxide ceramic, although other polycrystalline ceramic materials which are capable of 
withstanding high wall temperatures up to 1700-1900X and resistant to attack by the 
fill materials are also contemplated. The arc tube components are fabricated in any 
known manner, for example, by die pressing or extruding a mixture of ceramic powder 
and a binder. The binder is subsequently removed, for example, by solvent leaching 
with hexane, and/or by heating the arc tube to a temperature of about 200-400**C. 
Assembly of the arc tube involves partially sintering the assembled components at a 
temperature of around 1 lOOX to form gas-tight joints. During this partial sintering, 
the components shrink diflFerently due to different green densities of the parts and form 
bonded joints. Alternatively, the components may be partially sintered to a temperature 
of below about 1000**C (bisque firing), prior to assembly of the components. 

Alternatively, arc tubes may be formed by other processes such as 
machining green or bisque fired ceramics, slip casting, and sol-gel processing. 

The partially sintered (or "green ceramic") arc tube preferably has an 
alumina content of about 99.99%, with magnesia (MgO) present at up to 0.5 weight 
percent, preferably at about 400-1500 ppm. The MgO imparts transparency to the 
finished tube during the final densification step. 
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The partially sintered arc tube may be fiilly densified by sintering to 
optical translucency at temperatures of 1850 to 1900°C for 2-5 hours in moist 
hydrogen gas. Another method of densifying the arc tube to optical translucency is to 
use combined treatments of sintering plus hot isostatic pressing. The latter method first 
involves sintering the arc tube at temperatures of 1500 to 1600°C for 2 to 10 hours in 
oxygen, hydrogen or vacuum until the sample attains closed porosity, which is typically 
achieved at 95 to 98% of its theoretical density (3.99 g/cc). Then the sintered sample is 
placed in a hot isostatic press and heated for 1 to 2 hours at temperatures of 1600 to 
1900**C under pressures of 5,000 to 30,000 p. s. i. of argon. The sintered ceramic is 
converted from an opaque material to a translucent polycrystalline aluminum oxide. 
The pressure eliminates substantially all microscopic porosity located on the grain 
boundaries of the sample. The sintering step also strengthens the joints between the 
components of the arc tube. 

Finally, to form a high-transmittance arc tube, the sintered or hot 
isostatically pressed arc tube may be subjected to a chemical polishing treatment or a 
second high temperature sintering treatment which reduces the surface roughness of 
the arc tube. 

For arc tube formulations, the densifiable powder is preferably a 
ceramic powder which becomes translucent during sintering, such as a sinterable 
alumina, yttria, yttrium-aluminum garnet (YAG) or muUite powder, which may be used 
alone or in combination with one or more sintering additives. For arc tube 
formulations, for example, a suitable sinterable alumina-based powder may contain a 
sintering additive in addition to alumina. One particularly usefiil sintering additive is 
MgO at concentrations up to about 0.15 wt.%. A sinterable mullite-based powder or 
YAG-based powder may or may not contain sintering additives. For example, a 
sinterable YAG-based powder may contain 200-500 PPM of Si02 as an additive. 
Generally, a sinterable ceramic powder contains sintering additive up to about 1% by 
weight of the powder. 

For arc tube applications, the average size of the ceramic powder 
preferably ranges up to about I0\xm and depends largely on the particular densifi cation 
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technique employed, i.e., larger particle sizes can be used in densification processes 
involving sintering plus hot isostatic pressing whereas smaller particle sizes would be 
used in a single sintering treatment of a compact thereof. Preferably, however, the 
ceramic powder has an average particle size that is sub-micron and most preferably, it 
has an average particle size ranging from about 0.05|im up to about l|im 

A further discussion regarding the formation of arc tubes is disclosed in 
U.S. Patent No. 6,126,887 and U.S. Application Serial No. 09/714,635, filed 
November 16, 2000 (Attorney Docket No. 11514), incorporated herein by reference. 

The vacuum-annealing process for treating the translucent arc tubes 
may occur under various conditions. Preferably, the annealing process in a vacuum 
occurs at a temperature of 1500°C or less, and more preferably between lOOO^'C and 
1500**C, The preferred pressure of the vacuum-annealing process for an arc tube is 
about 10"^ ton*. In addition, the preferred time for the vacuum annealing is about 5 
hours. 

An additional step of dosing the arc tube may be utilized. Particularly, 
the arc tube may be dosed with compounds such as mercury and halides. Preferably, 
the arc tube is dosed with 5 to 6.5 mg of mercury and 10 to 15 mg of halide. 

The arc tube formed from the present method may have various arc gap 
lengths. Generally, the arc gap length assists in setting the voltage of the lamp. 
Preferably, the arc gap length for the arc tube is between about 7.5 to 8 mm. 

The lamps formed from the present method may operate in various 
orientations. Preferably, however, the lamp formed herein may operate in a generally 
vertical or horizontal orientation. 

The lumen eflBciency of 70W and 150W CMH lamps constructed with 
the preferred vacuum-annealed, Lucalox™ arc tubes is discovered to be 3-10% higher 
than lamps made with conventional, as-sintered arc tubes. In addition, uniformity of 
light output from lamp-to-lamp, i.e., the standard deviation, is significantly improved in 
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such lamps if arc tubes are vacuum-annealed at temperatures between about 1000° and 
1500X. 

The present invention is further illustrated by the following examples. 
It is to be understood that the present invention is not limited to the examples, and 
various changes and modifications may be made in the invention without departing 
from the spirit and scope thereof 

EXAMPLE 1 

A group of 75 sintered arc tubes of the same size and shape for 
subsequently producing CMH 70W-T lamps were randomly divided into 5 smaller 
groups of 15. The initial composition of the arc tubes was doped with 500 PPM (by 
weight) MgO as a sintering aid, and the samples were sintered in a hydrogen 
atmosphere at 1865*'C. Each smaller group of arc tubes was annealed at 1200 C in 
different atmospheres for optimum times of 5 hours in vacuum (-lO'^torr), 10 hours in 
argon, nitrogen and hydrogen, and 3 hours in ambient air. Each annealed set of arc 
tubes was further processed identically to each other by dosing with 4. 1 mg mercury 
and 1 1.0 mg of mixed halide salts of sodium, thallium, lanthanum, holmium and 
thulium, sealing with standard CMH electrodes made of 

tungsten/molybdenum/niobium, and finishing into single-ended lamps with fused silica 
jackets. All lamps were operated in the vertical orientation and measured for lumen 
output after burning for 3 and 100 hours. 

Table 1 shows the mean value of lumen output fi-om each group of 
lamps and the respective standard deviation given in brackets. Lamps, constructed 
with vacuum-annealed arc tubes produced the highest lumen outputs of 6200-6300 and 
the highest lumen efficiency of nearly 87 LPW. Lamps with argon- or nitrogen- 
annealed arc tubes produced about 6000 lumens with lower efficiencies of about 85 
LPW. Lamps with hydrogen- or air-annealed arc tubes produced only about 5800- 
5900 lumens and low lumen eflSciencies of about 83 LPW. 
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TABLE 1 



Annealing 
Atmosphere 


Lamp Lumens (Mean) 


LPW 


3 hours 


100 hours 


100 hours 


Vacuum 


6301 [88] 


6223 [77] 


86.9[0.8] 


Nitrogen 


6018[124] 


6044[99] 


85.6[2.1] 


Argon 


6036[159] 


6004[112] 


84.7[1.2] 


Hydrogen 


5876[115] 


5957[93] 


83.2[0.5] 


Air 


5761[71] 


5947[86] 


83.1 [0.8] 



EXAMPLE 2 



Example 2 utilizes the vacuum-annealing method set forth in Example 1 
and shows that there is about a 6% increase in lamp lumens by using arc tubes that 
were vacuum-annealed at 1200°C instead of at 900X (compare 6390 lumens from 
lamps annealed at 1200®C to 6009 lumens produced by lamps annealed at 900°C). 
Again, all arc tubes were from the same initial as-sintered batch before making the 
annealing tests. Table 2 shows the lumen output from single-ended, 70W CMH lamps 
by changing the vacuum annealing temperature of the arc tubes. Lumens were 
measured after 3 hours of burning time. 



TABLE 2 



Annealing Conditions 


Lamp Lumens (Mean) 


As-sintered 


6095[106] 


Air - 900°C 


5841 [159] 


Vacuum - 900°C 


6009[256] 


Vacuum - 1200'*C 


6390[97] 



Thus, significant increases in produced lumens were realized by using a 
vacuum, as opposed to air, and annealing at a temperature of about 1200**C. 



EXAMPLES 

Twenty arc tubes of the identical geometry were split into two groups 
of ten. One group was vacuum-annealed at 1 100**C and the other group was vacuum- 
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annealed at 1500**C. The arc tubes were identically sealed and finished into CMH 
70W-T lamps. The resulting lamps were measured for lumen efficiency, and the values 
are listed in Table 3. CMH lamps made with arc tubes vacuum-annealed at 1500°C 
exhibited about a 4% increase in both average lumens and lumen eflBciency (LPW) 
compared to lamps made relative to arc tubes vacuum-annealed at the lower 
temperature of 1 100°C. In addition, the standard deviations for both lumens and LPW 
were lower for the lamps made with arc tubes annealed at 1500X, indicating greater 
uniformity of these lamp properties. 



TABLE 3 



Vacuum-Anneal Temp., 
"C 


Lumen Output After 3 
Hours, (Mean) 


LPW 


1100 


5702[242] 


83.9[2.8] 


1500 


5923 [90] 


87.3[L8] 



EXAMPLE 4 



Arc tubes fi-om the same parent batch of as-sintered material were 
randomly selected into two equal groups. One group was vacuum-annealed at 1050°C 
for 10 hours while the second group was vacuum-annealed at 1200°C for the same 10 
hour period. The arc tube sets were dosed with different amounts of mercury (here, 
5.4 and 6,4mg of Hg) and halides and were subsequently evaluated. Also, the effect of 
arc gap length was evaluated. Again, two different values for arc gap length were 
employed, namely 7.6 mm and 7.9 mm. CMH 70W-TD (dual-ended) lamps formed 
fi-om the arc tube sets were operated in the horizontal orientation. The effect of 
vacuum temperature, dose amounts, and arc gap length of arc tubes on lumen output 
fi^om 70W CMH-TD lamps are summarized in Table 4. Among other things being 
equal, the 70W-TD lamps constructed with arc tubes previously annealed in vacuum at 
1200'*C had lumen outputs of about 4% greater than corresponding lamps made with 
arc tubes vacuum-annealed at 1050X. The enhanced lumen output from lamps made 
with arc tubes vacuum-annealed at 1200°C was independent of dose weights of 
mercury between about 5 and 6.5 milligrams, weights of halide between about 10 and 
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15 milligrams and arc gap length between about 7.5 and 8 mm which helps set the 
voltage. 



TABLE 4 



Vacuum- 
Anneal Temp., 
X 


Dose (mg) 


Arc Gap 


Mean Lumens 


Hg 


Halides 


(mm) 


(3 hours bum 
time) 


1050 


6.4 


11.0 


7.6 


6454 


1200 


6.4 


11.0 


7.6 


6733 












1050 


5.4 


14.4 


7.9 


6050 


1200 


5.4 


14.4 


7.9 


6318 



EXAMPLES 

A parent batch of twenty-eight (28) as-sintered arc tubes were divided 
into two equal groups. These arc tubes had the same size and shape for use in making 
150W lamps of the CMH-T type. One group was vacuum-annealed at 1200°C for 10 
hours while the other group was evaluated in their "as-sintered" or non-annealed 
condition. The two groups of arc tubes were then identically dosed, sealed, and placed 
into 150W CMH lamps. The lamps were operated in the vertical orientation and 
burned for 3 hours before measuring total lumens and lumens per watt. The resuhs, 
given in Table 5, show that CMH 150W lamps made vAth vacuum-annealed arc tubes 
produced a mean value of 14,050 lumens and 100.8 LPW. These values were, 
respectively, approximately 3% and 5% higher than the reference lamps made with the 
as-sintered (i.e., non-vacuum treated) arc tubes. 



TABLE 5 



Arc Tube Condition 


Mean Lumen Output @ 3 
Hours 


LPW 


As-sintered 


13.654[312] 


96.0 


Vacuum-annealed 


14,050[286] 


100.8 



ItJ 
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Accordingly, the five examples above illustrate the improved 
performance resulting fi"om annealing in a vacuum as opposed to various atmospheres 
such as nitrogen, argon, hydrogen, and air. Likewise, annealing at a temperature 
ranging fi-om 1000°C to 1500**C demonstrates significant improvement in lumen output 
and lumens per watt. 

The invention has been described v^th reference to the preferred 
embodiment. Obviously, modifications and alterations will occur to others upon a 
reading and understanding of the preceding detailed description. It is intended that the 
invention be construed as including all such alterations and modifications insofar as 
they come v^thin the scope of the appended claims or the equivalents thereof 



